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Objective: Blood pressure instability after carotid endarterectomy (CEA) has been associated with a disturbance of the
baroreflex control mechanism caused by the surgery in the carotid sinus region. The purpose of this study was to
determine if a deterioration in carotid baroreceptors occurs during the surgery.
Method: Heart rate (HR) and blood pressure (BP) were recorded continuously in 60 patients undergoing CEA as well as
preoperatively and postoperatively at 2 days and 6 weeks. The baroreflex sensitivity was determined by cross-spectral
analysis of HR and systolic blood pressure (SBP). During the surgery, three tests were used to assess the baroreflex
response. The first test simulated a sudden fall in systemic blood pressure by clamping the common carotid artery. The
second test simulated a rise in systemic blood pressure by applying pressure by using a rubbing action on the luminal
surface of the carotid sinus region. The rub test was performed twice, once with the atheromatous plaque in situ and once
when the plaque had been removed. The third test is clamp removal and restoration of blood flow through the carotid
sinus.
Results: Carotid cross-clamping increased mean standard error of the mean SBP from 117 3 mm Hg before clamping
to 125  3 mm Hg (P < .05) at 30 beats after clamping. The first rub test with the plaque in situ decreased SBP from
121 3 mm Hg to 117 3 mm Hg (P < .01) at 10 beats after the rub test, indicating a functioning baroreceptor reflex.
The second rub test increased SBP from 126  3 mm Hg to 128  3 mm Hg (P < .05). SBP dropped (P < .01) when
unclamping suggesting a selective alteration of the baroreflex sensitivity. The baroreflex sensitivity was significantly
reduced 2 days postoperatively when compared to preoperative values (P < .05).
Conclusions: These findings suggest that the act of plaque removal could be associated with a partial disruption of
baroreceptor mechanism in the carotid artery. This could affect type I baroreceptors. (J Vasc Surg 2002;36:793-8.)
Blood pressure (BP) instability following carotid end-
arterectomy (CEA) is a well-recognized problem. It is
known that arterial baroreflex, including carotid and aortic
baroreceptors, is the principal mechanism of short-term BP
homeostasis in humans and it has been suggested to be
involved in the BP instability by a disruption of the carotid
baroreceptor mechanism.1-3 Patients with impaired barore-
ceptor function have a higher incidence of immediate peri-
operative complications and an increased risk of myocardial
infarction and stroke for up to 5 years.3 Prevention of
baroreceptor deterioration as a result of CEA may improve
patient survival in both the short- and long-term. However
the exact mechanism by which CEA affects baroreceptor
function remains unexplained.
The presence of rigid atheroma at the carotid sinus
region is associated with decreased baroreceptor sensitivity4
involving an impairment of the afferent baroreceptor activ-
ity.5 Therefore, removal of this rigid atheroma at CEA
would be expected to improve the carotid baroreflex sensi-
tivity by enabling greater stimulation of the stretch recep-
tors situated on the carotid sinus adventitia. However, this
is the opposite of the observed effect, the baroreceptor
function of most patients deteriorates after CEA.2,3,6 To
explain this deterioration it has been proposed that damage
to the carotid sinus nerve during dissection of the artery was
responsible.7 However, in a randomized trial where the
carotid sinus nerve was either deliberately preserved or cut,
no difference in postoperative baroreceptor function could
be demonstrated.8 The next theory proposed that although
rigid atheroma was removed from the carotid sinus region,
in the hours after the operation, the endarterectomized wall
of the artery became edematous and less distensible, result-
ing in lower baroreflex sensitivity.9 However, this study and
most others relied on preoperative and postoperative mea-
surements of baroreceptor function only2-3,10 and have not
observed the BP modifications during surgery itself.11-12 In
this study, we aimed to use preoperative, intraoperative, and
postoperative measurements of baroreflex function to identify
when a deterioration in carotid baroreflex function occurred.
PATIENTS AND METHODS
Patients. The study protocol was approved by a local
ethics committee, and written consent was obtained from
all patients after detailed information was given.
Seventy patients undergoing CEA for symptomatic
severe (70%) stenosis of the internal carotid artery were
enrolled to take part in the study. We excluded 10 patients
with abnormal heart rhythm (atrial fibrillation, multiple
extrasystolic beats) as well as excess noise or poor trace in
electrocardiographic signal, which did not permit accurate
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analysis. Thus, a total of 60 patients, 27 women and 33
men, with an average age  standard deviation (SD) of
69 8 years (range, 50-88 years) were evaluated. Of the 60
patients, 68% were hypertensive and 25% had diabetes
mellitus. All patients were on aspirin therapy, and Table I
describes the incidence of oral cardiovascular medications.
All of the patients remained on the same treatment after the
operation as before. The duplex ultrasound scanning per-
formed on the contralateral carotid artery of the patients
undergoing CEA reported that 44% of the patients had no
stenosis, 41% had a mild-to-critical stenosis (40%-99%) and
15% had a total occlusion.
Preoperative and postoperative protocol. BP and
heart rate (HR) measurements were performed 2 days preop-
eratively and repeated 2 days and 6 weeks postoperatively.
Patients underwent a 10-minute period of measurement in
the supine bed-rest position preceded by a rest period of 30
minutes in a supine position. HR and BP were continuously
recorded noninvasively by using electrocardiogram and finger
cuff (Finapres, Ohmeda 2300, Englewood, Colo). The finger
BP cuff was kept at the heart level to avoid hydrostatic pressure
effects.
Intraoperative protocol. Patients were anesthetized
using isoflurane general anesthesia with continuous record-
ing of BP obtained from an intraarterial (radial artery)
catheter, transmitted through a fluid-filled tube connected
to a transducer zeroed at the level of the heart. HR was
recorded from the intraoperative electrocardiogram. The
common carotid, and external and internal carotid arteries
were carefully dissected to preserve as far as possible the
carotid sinus fibers. Next these artery were clamped after
administration of intravenous heparin (100 IU/kg). A
longitudinal arteriotomy was extended from the common
carotid artery to the internal carotid artery beyond the level
of the disease. A Pruitt-Inahara intraluminal shunt was
inserted to restore blood flow to the brain, bypassing the
carotid sinus region. Stretch-stimulation of the carotid
baroreceptors was made by stroking the luminal surface of
the carotid sinus 10 times using a pledget (rub test) at a rate
of one stroke every second during 10 seconds. The strokes
were started distally and ended proximally across the ca-
rotid sinus area. The atheromatous plaque was then re-
moved from the artery (endarterectomy) and the rub test
repeated, this time on the distensible endarterectomized
luminal surface of the carotid sinus. The arteriotomy was
closed using a vein/Dacron patch angioplasty. Just before
final closure, the shunt was removed and the arteries were
reclamped. Blood flow was restored through the carotid
arteries after final patch closure.
BP and HR were monitored continuously throughout
the CEA and recorded onto a digital audio tape for post-
operative analysis. During analysis, the clamping of the
common carotid artery and both rub tests were investigated
for their effects on baroreceptor function. No vasoactive or
cardioactive drugs were used in these patients during the
clamping of the carotid artery and both rub tests.
Preoperative and postoperative analysis. Preopera-
tively and postoperatively the autonomic regulation of the
cardiovascular system was assessed by measuring the HR
variability (HRV), systolic blood pressure variability
(SBPV) and the baroreflex sensitivity.
BP and HR data were downloaded onto a computer
fitted with a 12-bit analog-digital converter with a sampling
frequency of 200 Hz. Data were analyzed by using specially
designed software developed by the department. Spectral
analysis was performed using a Fast Fourier transform
(FFT) algorithm. Signals were low-pass filtered with an
eight-order Butterworth digital filter with a 20-Hz cutoff
frequency; recordings with more than four ectopics were
rejected. Beat-to-beat sequences of systolic blood pressure
(SBP) and RR intervals from electrocardiographic trace
were extracted and linearly interpolated if there were ectop-
ics. The beat-to-beat changes were interpolated using a
third-order polynomial and resampled with an interval of
0.5 s. SBP and RR-interval signals were transformed to the
frequency domain with the FFT algorithm by using 512
samples. Separate power spectra were constructed for SBP
and RR interval. Spectral powers for both HRV and SBPV
comprised 3 frequency-domains: total power (0.04-0.40
Hz), low frequency band (LF) (0.04-0.15 Hz) and high
frequency band (HF) (0.15-0.40 Hz). For HRV (13), the
LF component has been shown to reflect both autonomic
sympathetic nervous and parasympathetic nervous influ-
ences, whereas the HF component of the power spectrum
of HRV measures the magnitude of fluctuations of vagal
input associated with respiratory modulation. For SBPV,14
the LF component reflects the sympathetic activity to the
resistance vessel and the HF component depends on fluc-
tuations in cardiac output and is normally counteracted by
the sympathetic tone. Normalized indices LFnu and HFnu
(LF or HF/(Total power - VLF)*100; VLF, very low
frequency) have been used in this study as recommended by
the task force.15
The alpha index, used to assess the baroreflex sensitivity,
was computed as the mean of the square root of the ratio of
the spectral powers of both HRV and SBPV in the LF band
(0.04-0.15 Hz) and HF band (0.15-0.40 Hz).16,17
Intraoperative analysis. BP and HR data were aver-
aged before and after each surgical event to observe any
modifications occurring throughout the operation. Then
we calculated the average of the BP and HR values during
the minute preceding events such as clamping and rub tests.






Aspirin only 25 42
Nitrates 9 15
Ca2-channel blockers 18 30
-Adrenoreceptor blockers 18 30
ACE inhibitors 11 18
ACE, Angiotensin-converting enzyme.
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Before the release of the clamp we averaged the last 10
beats of the clamped period. Finally, we calculated several
averages of BP and HR data after each event, such as a first
mean between 0 and tenth beat after each event, a second
mean between the twentieth and thirtieth beat, and a third
one between the fiftieth and sixtieth beat.
Statistics. Repeated-measures analysis of variance
(ANOVA) (Duncan’s multiple range test) was used to
compare each step of the surgical operation, as well as
between preoperative and postoperative readings. Values
are expressed as means SEM, and P .05 was considered
statistically significant.
RESULTS
Intraoperative changes. The results of the changes of
BP and HR during the CEA are illustrated in Fig 1. The
duration of the surgical procedure varied between 1 hour
and 2 hours and 30 minutes (2 h, SD 0.54).
Response to carotid cross-clamping. The mean du-
ration of the clamp procedure to restoration of flow
through the intraluminal shunt was 2 minutes 50 seconds
(SD, 1 minute, 40 seconds). Carotid clamping resulted in a
rise in mean SBP from 117  3 mm Hg just prior to
clamping to 125 3 mm Hg, 30 beats after clamping (P
.05) and 127 3 mm Hg at the end of the clamping period
(P  .001). Similarly, diastolic blood pressure (DBP) rose
from 57  2 mm Hg before clamping to 61  2 mm Hg
after 30 beats (P  .01) and 60  2 mm Hg at the end of
the clamping period (P  .05). In contrast, carotid clamp-
ing resulted in no change in HR at 30 beats from the
preclamp value: 73  2 beats/minute. HR had risen to
75  2 beats/minute by the end of the clamping period
(P  .05).
Response to unclamping the carotid: restoration of
blood flow to the brain through the intraluminal
shunt. There were no differences in BP and HR after
release of the clamp compared to immediately prior to
release of the clamp.
Response to rub test with plaque in situ. Rubbing
the luminal surface of the carotid sinus with the plaque in
situ was associated with a decline in SBP from 121 3 mm
Hg prior to the rub test to 117  3 mm Hg 10 beats after
the rub test (P  .01) and 118  3 mm Hg 60 beats after
(P  .05). The DBP also decreased in response to the rub
test, from 58  1 mm Hg before to 55  1 mm Hg at 10
beats after (P .001) and 56 2 mm Hg at 60 beats after
(P .01). The HR declined from 73 2 beats/minute to
70 2 beats/minute as soon as the rub test was performed,
and remained low at 71 2 at 10 beats, 72 2 at 30 beats,
and 71  2 at 60 beats after (P  .05).
Response to atheromatous plaque removal. Fol-
lowing the removal of the atheromatous plaque, the SBP
Blood pressure and heart rate modification during CEA. SBP, Systolic blood pressure; DBP, Diastolic blood pressure;
HR, heart rate. Open circle and solid triangle represent the end of the clamp and the rub test. *P .05 vs preoperative,
**P .01 vs preoperative, ***P .001 vs preoperative. ‡P .05 vs open circle or solid triangle, ‡‡P .01 vs open circle
or solid triangle, ‡‡‡P  .001 vs open circle or solid triangle.
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was significantly increased, 126  3 mm Hg, compared to
the pre-rub test (plaque in situ) value, 121  3 mm Hg,
(P  .05). The DBP and HR were not increased signifi-
cantly after the removal of the plaque.
Response to rub test without the plaque. Rubbing
of the luminal surface of the carotid sinus without the
plaque was associated this time with an increase in SBP
from 126  3 mm Hg before the rub test to 128  3 mm
Hg at 10 beats after (P  05) and 128  3 mm Hg at 60
beats after (P 05). The DBP was not changed by the rub
test. The HR was increased slightly from 73  2 beats/
minute at the moment of the rub test to 74  2 beats/
minute at both 30 and 60 beats after (P  05).
Response to restoration of blood flow through the
carotid artery. Restoration of blood flow through the
carotid artery was associated with a fall in SBP from 128 
4 mm Hg before clamp release to 120  3 mm Hg at 30
beats (P .01) and 118 3 mm Hg at 60 beats after (P
.001). The DBP decreased in a similar way to SBP in
response to release of the clamp. There was no significant
difference in HR in response to the release of the clamp.
Postoperative changes. Table II Shows postopera-
tive changes. The SBP decreased to a lower level 2 days after
the surgery than preoperatively (P  01). The HR rose
from a preoperative level to a peak 2 days after the surgery.
The alpha gain calculated from the LF band of both HR
and SBP power spectra, was significantly decreased 2 days
after the operation compared to preoperative values (P 
05). In contrast, the alpha gain calculated from the HF
band, reflecting the vagal part of the baroreflex response,
was not statistically modified. All these changes in alpha
gain returned to preoperative values 6 weeks after the
operation.
In terms of spectral analysis, the overall variability of
HR determined by the total power spectrum, was signifi-
cantly reduced 6 weeks after the operation compared to
preoperative data. The postoperative total power spectrum
of SBP was similar to preoperative data (Table II). The
normalized spectral indicators of the low and high fre-
quency band (LFnu and HFnu) from both HRV and SBPV
were not statistically modified 2 days postoperatively com-
pared to preoperative data. However, Table II showed that
the LFnu values from both HRV and SBPV were signifi-
cantly higher than the HFnu values in the preoperative
period and 2 days after the operation. This result suggests a
sympathetic predominance until 2 days postoperative that
is withdrawn 6 weeks postoperative.
DISCUSSION
Our data indicate that removal of the atheromatous
plaque from the carotid sinus region is associated with a
temporary deterioration in baroreflex response.
Previous studies have reported that the presence of
rigid atheroma at the carotid sinus region was associated
with not only a resetting of the baroreceptors to operate at
a higher threshold pressure6 but also with a decreased
baroreceptor sensitivity4 involving an impairment of the
afferent baroreceptor activity.5 It is also known that barore-
ceptor function decreases as a function of age in general6,18
in addition to the hypertension and diabetes mellitus that
might accompany aging19 and carotid atherosclerosis.
Therefore, our group of patients undergoing CEA who are
older than 50 years (range, 50-88 years), hypertensive, and
who have carotid atherosclerosis, are likely to have a low
preoperative baroreflex sensitivity.
It was previously suggested that the initial dissection of
the carotid sinus causes damage to the carotid nerve during
CEA and was responsible for the postoperative BP variabil-
ity.7 However, Towne et al8 failed to confirm this sugges-
tion and, most importantly, our present study does not
support this hypothesis. Carotid clamping occurring after
dissection of the carotid sinus resulted in BP increases with
little changes in HR, suggesting a baroreflex response to
the carotid occlusion. The well-known explanation is that
Table II. Changes in SBP and HR spectral parameters, alpha gain before and after CEA
Pre-op 2 days post-op 6 weeks post-op
HR (bpm) 69  1 78  2† 70  2
SBP (mm Hg) 131  3 116  3† 127  3
HR spectral analysis
Total power (ms2) 350  35 298  55 208  28†
LFnu 44  3 44  3 39  3
HFnu 33  2 32  3 41  4
SBP spectral analysis
Total power (mm Hg2) 37  4 27  3* 30  5
LFnu 43  3 42  3 39  3
HFnu 27  3 31  3 33  4
Cross spectrum analysis
Alpha LF (ms/mm Hg) 5.1  0.5 3.7  0.4* 3.9  0.4
Alpha HF (ms/mm Hg) 5.9  0.6 4.5  0.5 5.2  0.7
Alpha post-op/alpha pre-op 1 0.80  0.06‡ 1.11  0.16§
nu, Normalized unit; LF, low frequency domain, HF, high frequency domain.
*P  .05, †P  .01 vs pre-op.
‡P  .001 vs pre-op.
§P  .05 vs 2 days post-op.
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after the common carotid artery is clamped, the carotid
sinus is exposed to lower pressure than previously leading
through the baroreceptors to reduced neural traffic via the
sinus nerve and glossopharyngeal nerve to the brainstem,
resulting in increased vasomotor tone. Therefore, carotid
baroreceptors play a major role in maintaining normal
arterial pressure by buffering its short-term fluctuations.
When cross-clamping the internal carotid artery, ipsi-
lateral cerebral perfusion pressure could be reduced. If
collateral circulation is not adequate to maintain normal
cerebral perfusion pressure, reflex vasodilation occurs to
maintain normal blood flow. This response is known as
cerebral autoregulation.20 Previous studies have shown an
impairment of the cerebral autoregulation in patients suf-
fering from carotid disease.21 However, Powers22 reported
that up to 60% of patients with complete occlusion of the
carotid artery may have no evidence of compromised he-
modynamics in the distal cerebral circulation. Arterial pres-
sure as a main component of cerebral perfusion pressure is
a major trigger for autoregulation, but there is no physio-
logic negative feedback of the autoregulation known to
change systemic arterial pressure. Thus, changes in cerebral
hemodynamics would have no effect on arterial systemic
pressure in response to the carotid cross-clamping. The fact
that a shunt was placed for each patient and that the mean
duration of the clamp procedure to restoration of flow
through the intraluminal shunt was only 2 minutes and 50
seconds (SD, 1 minute, 40 seconds) also indicates that the
occurrences of severe cerebral ischaemia was not likely in
any of our patients.
Performing the first rub test with the atheromatous
plaque in situ resulted in a significant BP and HR decrease,
indicating a baroreflex feedback in response to the simula-
tion of a sudden BP increase. The stimuli of cross-clamping
and rubbing the artery which are not physiologic, seemed
to be enough to stimulate a baroreflex response in our
patients, whereas physiologic changes would be inefficient
because of the low baroreflex sensitivity observed in preop-
erative measurements. We are aware that we studied only
one carotid artery, whereas the other baroreceptors (con-
tralateral carotid and aortic arch) remained capable of re-
sponding to the hemodynamic disturbance caused by the
carotid clamping and could buffer BP responses. However,
our study suggests that prior to removal of the carotid
plaque, the baroreflex control was efficient and was not
altered by the dissection of the carotid artery.
The removal of the rigid atheroma at CEA was ex-
pected to improve the carotid baroreflex sensitivity by
enabling greater stimulation of the stretch receptors situ-
ated on the carotid sinus adventitia. Previous studies had
demonstrated that most patients had a postoperative dete-
rioration in baroreflex function.2-3,6 It was proposed that
local pathologic changes, such as edema and periarterial
fibrosis occurring after the operation, could diminish the
sinus wall distensibility9 and alter the baroreceptor’s func-
tion. In the present study, removing the atheromatous
plaque induced an immediate increase in BP compared to
before the removal. This step increase in BP could be
compared to the step increase observed during carotid sinus
denervation in animals, suggesting an alteration of the
afferent part of the baroreflex. Osborn et al23 had previ-
ously observed that the hypertensive response is similar in
magnitude and duration after a partial and complete arterial
baroreceptor denervation.23 The arterial BP returned to
control levels within 3 days after barodenervation, whereas
the baroreflex gain was still reduced.23 Fink et al24 have also
reported a decrease in the baroreflex gain after partial aortic
barodenervation. The immediate hypertensive response
obtained when removing the plaque combined with the
postoperative reduction of BP and baroreflex sensitivity
could correspond to an alteration of the baroreflex function.
The particularity of this study was to re-assess the BP
response after the plaque was removed by performing a
second rub test on the same luminal surface of the carotid
sinus area, simulating a BP increase. This time the rub test
did not induce a fall in BP. Instead, a continuous BP
increase was observed that could indicate a lack of compen-
sation and a dysfunction in the baroreflex response once the
plaque has been removed. However, it is still possible that
this time we may have not been able to produce an efficient
stretch stimulation while rubbing after removal of the
plaque to observe any BP response. Nevertheless, removal
of the rigid atheroma at CEA was expected to improve the
carotid baroreflex sensitivity.1 Measurements of carotid
variables during CEA have been reported previous-
ly,4,11,25-26 but they were all focused before removal of the
plaque, and a good BP control was observed as we de-
scribed earlier in our study. This result demonstrates that
prior to the removal of the plaque, the baroreceptor re-
sponses from the operating carotid artery were still intact.
The last step of the operation was to restore the blood
flow through the carotid sinus by declamping the artery.
When declamping, we observed a decrease in BP with little
change in HR, which could suggest a baroreflex response.
Landesberg et al12 reported a remarkable step increase in
baroreceptor gain after declamping, as denoted by the
immediate and significant decline in both HR and BP and
by the marked increase in their variability. These positive
baroreflex responses contrasted with the negative one ob-
tained in our study when we stimulated the inside of the
artery by the rub test earlier in the operation.
Seagard et al27 have identified two functionally differ-
ent types of carotid baroreceptors. Type I carotid barore-
ceptors, mainly large myelinated A-fibers, are characterized
by a sudden onset of discharge at relatively high frequency
at pressure threshold. Type II carotid baroreceptors, mainly
small A-fibers and nonmyelinated C-fibers, demonstrate a
spontaneous subthreshold discharge with a slower rate of
firing than those of type I. Thus, type I baroreceptors may
be involved in rapid adjustment of systemic BP, whereas
type II baroreceptors may play a longer-lasting role to
maintain the baseline, ongoing level of pressure.27 There-
fore, regarding this previous study, it appears that rubbing
would preferentially stimulate type I baroreceptors that
respond rapidly, whereas declamping the carotid artery and
restoring the blood flow through the carotid sinus would
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stimulate type II baroreceptors. This could explain the
contrasting results obtained during the second rub test and
the declamping and suggests that it is preferentially the type
I baroreceptors that seem to be disrupted when the plaque
is removed. Then the type II baroreceptors could still
respond to the restoration of the blood flow in the carotid
sinus at the end of the operation and induce a decrease in
BP. However, the overall baroreflex gain is greatly reduced
2 days after the surgery suggesting that the baroreflex gain
is modified by the surgery.
Preoperatively and postoperatively, we performed a
power spectral analysis of beat-to-beat SBP and RR-interval
recordings to evaluate autonomic activity at baseline con-
ditions.13-14 It has been suggested that an increase of the
BP variability itself observed after the operation, could be
an important factor contributing to a high risk of mortality
for the patients, even more important than the postopera-
tive level of BP.3 In the present study, we did not observe
any modification of the BP variability postoperatively.
However, Hirschl et al3 used mean ranges of SBP and DBP
measured every hour during 4 days before and after the
operation and about 4 years after the operation, by using
automatic BP self-measurement devices. In contrast to SBP
variability, RR-interval variability was significantly de-
creased 6 weeks after the operation. The main finding in
our study is that 2 days postoperatively, both BP and
RR-interval variabilities as well as LF and HF normalized
powers were not modified compared with preoperative
data, whereas the baroreflex gain was significantly lower
than preoperatively. LF and HF normalized powers from
the RR interval reflect the changes of the sympathetic and
parasympathetic influence on the heart variability. There-
fore, according to the RR-interval variability results, the
change observed in baroreflex sensitivity does not seem to
result from sympathetic or parasympathetic efferent alter-
ation, but could be caused by impaired baroreceptor affer-
ents occurring during the CEA. This result is consistent
with some previous studies.2-3
In conclusion this study has shown the effect of remov-
ing the atheromatous carotid plaque on the baroreceptor
function after CEA. We suggested that a partial disruption
of the baroreceptor mechanism (type I baroreceptors) oc-
curring during the surgery could explain the postoperative
BP instability frequently observed. However, further stud-
ies are needed to examine the effect of a contralateral
carotid stenosis/occlusion as well as histology studies of the
carotid plaque and remaining carotid arterial wall to con-
firm a partial disruption of the baroreflex nerve-ending.
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